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(54) Variable control of eiectrooemoUc and/or electrophorctic foroe» within a fluld-contafnlng 
«tructuro vta electrical forces 



(57) tn d rnlcrotluidic systsm ueing filgctroKinotio 
forces, the present invention uses eleclrical current or 
elQctrical parameters, other than vott^ga, to control thQ 
movement of fluids through the channels of the system. 
Time-muH^Iexsd pov/ai- supplied also provide lurther 
control over fluid movement by varying the voltage on 



an electnoda oonnectGd lo a fluid reservoir ciftha micra- 
fluidic system, by varying th© duty cycle during which 
the voltagg Is appllod to the electrode^ or by a combina- 
tion of both. A time-multiplexed powsr supply can also 
hs connected to more than one alw;trode tor a savings 
In C06t. 
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CROSS-HEFERENCE TO RELATED APPLICATIONS 

This application ifi a ccntinuation-in-pBrt of U.S. ^ 
Palent Applbation Serial No. 08/678,436, filed July 3. 
1996, whteh Is Incorporated herein by reforwica in rta 
entirety tor atl purpo^d. 

BACKGROUMD OF THE INVENTION t(? 

There hae bean a growing intera&t in the manufac- 
ture and usd of n^brofluldic sy stems for tho acquisition 
oi chamica! and biochemical informatton Techniquas 
common fy aasDCiated with the semiconcfuclor electron- '5 
ice incJiwtry. »uch as photolithography, wet chemioal 
olching, etc., Br© being used in Ihe fabrication of these 
microfluidic tty&teme. The terrn^ •microfluldic', refers lo 
a syatem or device having channels and chambera 
which are ger^e rally fabricated at the micron or subml- 20 
Cfon scale, e.g., having at least one cross^Qctionai di- 
mension in the range of from about 0. 1 to about 500 
j^m. Early diecussjonc of the gee of planar chip teohnol- 
ogv for the fabrication of mtcrofluidic eyeterrw are pro- 
vided in Mani et at, Trertda in Anal. Chem. (1 990) 1 0 ^« 
(5) ; 1 44^1 49 and Manz et aL, Avd. in Chromatog. (1 993) 
33:1-66, which deecfibe the fabrication of such fluidic 
devices and particularly microcapillary devices. \n aili- 
con and ^laes substrates. 

Applications of nnlcrof luidic systeme are myriad. For 30 
example, Imomatlonal Faieni Appin. wO 96/04547. 
published February 15. 1996, describea the U3e 01 ml- 
cfof luidic systems for capillary electrophoresis, liquid 
chromotography, flow hjection analysis, and chemical 
reaction and synthesis. A related patent application, U. 35 

S. Appln. No. , entitled 'HIGH THROUGHPUT 

SCREENING ASSAY SYSTEMS IN MiCROSCALE 
FLUIDIC DEVICES", fited June 25, 1996 by J. Wialfaca 
Parce et al. and assigned to the present assignee, dis- 
closes wide ranging appliqalioneof micfoflyidic sysiema *0 
In rapidly assaying compounda for their effects on vari- 
ous chemical, and preferably, biochemlcel systems The 
phraee, 'biochemical system' generally rcfgrs to a 
chemical Inioractlon that involves molecules of the type 
generally found within living organiama. Such Interne- *5 
lions include the full range of catabolic and anabolfC re- 
aclions which occur in living aystama including enzymat- 
ic. Dinding, signaling and other reactions. Biochemical 
systems of particular intere&t Include, e.g., receptor-lig- 
and interactions, onxyme -substrate interactions, ceitu- ^0 
lar signaling pathways, transport reactions involving 
model barrier systema (e.g., cells or membrane frac- 
tions) tor bioavailability screening, and a variety of other 
general syelems. 

IWany methode have been described for ths trans- 5S 
port and direction 0I fluids, e.g.. samples, analytes, buff- 
ers and reagents, within these microfluidic systems or 
devfcea One method movos fluids wilhin nicrofabrlcat- 
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ed devices by mechanical micropumps ar>d valves with- 
in the device. See, Published U.K. Patent AppiJcatlon 
No. 2 249 S91 (1D/ia/90), Published European Patent 
Application No. 5GB 902 (5/2/92), U.S. Palent Noe. 
5,271 .724 [B/21/91) and 5.277,556 (7/3/91). See alao, 
U.S. Patent No. 5.171,132 (12/21/90) to Miyazaki etaL 
Another method uses acoustIc energy to move fluid 
samp las wilhin devices by the effects of acoustic 
streaming. 8bb. Published PCT Application No. 
94/05414 to Nortbrup and White. A straightforward 
method applies eternal pressure to move fluids within 
Ihe device. Sec, e.g.. Ihe discussion in U.S. Patent No. 
6,304,487 to Wilding g1 al. 

Still another method uses electric fields, and the re- 
sulting electrokinelic forces, to move fluid materials 
through the channels of Ihe microflutdic syatam. Ssa, a 
g.. Publiehed European Palent Application No. 376 611 
(i2jWae) to Kovacs, Harrison et al., AnaL Chem. 
(1992) 64:1926-1932 er^d Manz at al. J. ChromatOQ 
(1992) 593:253-256, U.S. Patent No. 5,126,022 to 
Soane. Electrokinetic forces have the advantages of di- 
rect control, fast response and simplicity. However, 
there are still some disadvantages with this melhod of 
operating a microfluidic system. 

Present devices use a network of channels In a sub- 
strate of Diectrlcatly hsutailng material. The channels 
connect a number of fluid reservoirs in contact with high 
voltage electrodes. To nrwve fluid nriafa rials through the 
network of channels, spsciTic voltages are simultane- 
ously applied to the various oloctrode*. The determina- 
tian of the voltage values tor each eleclrode in a system 
becomes complex as one attempts to control the mate- 
rial flow in one channel without affecting the flow in an- 
other channel. For example, in a relatively simp!© ar- 
rangoment of four t^iannals intersacting in a cross with 
rssorvoire and electrodes at the enda of the channels, 
an Independant iricrease of fluid How between two res- 
ervoire is not merely a mailer of increaaing the voltage 
differences at ihe two reservoirs. The voltages at the 
other two resenroirs must also be adjusted i1 their orig- 
inal flow and direction are to be maintained. Further- 
more, as tha numhar of channels, intersections, and res- 
ervolr© are increased, the control of fiu(d through the 
channels become more and more complex. 

Aiso, the vottagsa applied to the electrodes in the 
device can be high, i.e., up to a level supportive of thou- 
sands of volls/cm, Hagulated high voltage supplies are 
expenetve, bulky and are often inprecise and a high 
voltage supply is required for each electrods. Thue the 
cost of a microfluidic system of any complexity may be- 
come prohibit *ve. 

The present invention solves or substantially miti- 
gates these problems of electroKinetic transport fn a mi- 
crofluidic system which usee another electrical param- 
stsf, rather than voltage, to simplify the control of mate- 
rial flow through the channels of the system. A high 
throughput microfluidic system having direct, fast and 
stralgnnorwara control over the movemont of materials 
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through the channels of the n:iicrolluidic system with a 
wide range of appllcatjona, 8uch in the field»of chem- 
istry, biochemislry. biotechnology and molecular tiiology 
and numerous other fislds. is possible. 

SUMMARY OF THE INVENTION 

The preaent invention provides tor a microfluldlc 
system with a plurality ot interconnect sd capillary chan- 
neU and a plurality of olectrodee al diffdrant nodss of 
the capillary ohannais which create elsctric fields in tho 
capillary channels to eioctrokinctically move materials 
in a fluid through the capillary channels. In accordance 
with the pfoaent invention, the microfluidic ayatem ia op- 
erated by applying a voltage between a first electrode 
and a eecond alactrode responsive to an electrical cur- 
rent between the first and Bscond electrodes to move 
materials therebetween. Electrical current can give a di- 
rect measure of jonic flow through the channela ol thd 
microfluidic system. Besides current other electrical pa- 
rametere, ^uch ae power, may be also used. 

Furlhormofa, the praaent invention provides for 
ttma-multipleixing the p>ower supply vottages on the elec:^ 
trcdes oi the microflLridic system for mc^e preoieo and 
efficient control. The voltage to an electrode can be con- 
troll ed by varying the duty cycle of the connection of the 
GlQctrode toth e power supply, varying the voltage to the 
electrode during the duty cycle, or a combination of both , 
In this manner, one power wpply can service more than 
one electrode. 

The present invention aleo providoft for the direct 
monitor ina of the vollages with in the channels in the mi- 
crofluldlc ay^tem. Conducting leada on the surface of 
the mtcrofluidic &yotem have widths sufficienlly narrow 
in a channel to prevent slsctrolysis. The leads are con- 
n&cted to votloge divider circuity ateo on the surface of 
the substrate. The divider circuit lowers the read-out 
voltage of the channel node eo that special high-voltage 
voltmeters are not required. The divider circuits are also 
designed to draw negligible currents from the channels 
tharaby minimizing unwanted electrochemical effecte. 
e.g.. gaa generation, reductiorV oxidation reactions 

The invention ae hereinbefore described may be 
put to a plurality ot different uses, which are themaelves 
inventh/e, for example, follows: 

The u$e of a substrate having q( least one channel 
in which a subject rr^terial ie Iranaporfed alectrokineti- 
C9liy. by applying a voltage between two electrodsQ as- 
aociaied with the channel in response to a current at the 
electrodes. 

A jse of the aforementioned invention, in which t^»e 
substrata has a plurality of interconnected channels and 
associated electrodes^ subject material beingtransport- 
ed abng predetermined paths bcorporating one or 
more oT the channels by the application of voltages to 
predetermined electrodes In response to a current at the 
electrodes 

The use of a substrate having at least one channeJ 



in Which a subjwt materia! is transported eiectroKineil- 
cally by the ccntroHed time dependent application of &r\ 
Blectrica) parameter between electrpdes associated 
with the channel. 
5 A use of the aforementioned invention, wherein the 
electrical parameter comprises voltage, current or pow- 
er 

The use of an Insulating substraiie having a plurality 
of channels and a plurality of electrodes associated with 
*o the channels, the application of vohagas to the elee- 
Irodee causing electric fields in the channels, and at 
least one conductive lead on the substrate exterxJing to 
a Channel location so that an electric parameter at the 
ChanneJ location can be determined, 
'5 A use of the aioremenuoned invention, wherein the 
conductive lead hae a gufficiently small width such that 
a voltage of \bsb than 1 voft. and preferably less than 
0.1 voti, le created across the conductive lead at the 
channel location. 

A use of an insulating subatfflte having a plurality 
ot interconnected capillary channels, a plurality of elec- 
trodes at different nodes of the capillary channels for 
creating electric liekJe in the capillary channels to move 
materials elsctrokineticalty in a fluid through the capil- 

25 lary channels, a power supply connected to at least one 
of the elecirodes. the power supply having a mbclng 
block having a first inputtorminal for receiving a conlrul- 
lable reference vottage and a second input terminal, and 
an output terminal; a voltage amplifier connected to the 

30 mixing block output tormfnal, the voltage amplifier hav- 
ing first and second output terminals, the first outpLrt ter- 
minal connected to the at least one electrode; and a 
feedback block connected to the nret output terminal of 
the voltage amplifier, the feecfoack block having an oul- 

36 put ternninaj connected to the second input terminal Of 
the mixing block so that negative fee^toack is provklad 
to stabilise the power supply, 

The uae of the aforementioned invenlk>n. In which 
the feedback block is also connected to the second out- 
put temiinal of the voltage amplifier, the faodback block 
generating a first feedback voltage responsive to a volt- 
age at the first output terminal and a second feedback 
voltage responeivo to an amount of current being deltv- 
ered to the at least one electrode through the first output 

^ tanminal, the feedback block having a ewllch for passing 
the first or second feedback voll&ge to the mixing block 
responsive to a control signal ao thai the power supply 
is selectably stabilized by voltage or current foadback. 
The use of a power supply for connection to at least 

s'? one electrode of a mtcrofluidic system in which the pow- 
er supply has a mixing block having a first input terminal 
for receiving a contfollable felerence voltage and a sec- 
ond input terminal, andan output lemninal; a voltage am- 
plifier connected to the mixing block output terminal, the 

55 vottage amplitlGr having first and second output termi- 
nals, the first output terminal connected to the at least 
one electrode; and a feedback block cqnnocled to the 
first and second output temiinals of the voltage amplifiar 
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and to the second input terminal ot the mixing block, the 
feedback bkxk generating a rfr&t feedback voltage re- 
aponetva to a voltage at the f\va\ output tenninar and a 
Second feedback voltage naaponslve to an amount of 
current being ctelivered to the at leaet one electrode 
through the firet output terminal, the feedback bk)ck hav- 
inQ a swflch for passing the first or second feedback volt- 
age to the mixing block rflsponsive to a control signal eo 
that the power supply \3 selectably stabilized in voltage 
or current by negative feedback. 

The use of a microfluidio eystem in which a eub- 
slrale has a plurality of in lerconn acted capill^ chan- 
nels, a plurality of electrodes at different nodes of the 
capillary channels for creating electric flefda in the cap- 
illary channel? to move materials eleclrokinelicaily in a 
fluid through the capillary channels, and a plurality of 
power suppliea can necled to each one of Ihe electrodes, 
each of the power Auppltes capable of eelectivety sup- 
plying a selected voltage and a selectad amount of cur- 
ront as a source or sink to the connected glQctrQde&. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a rflprewnlalive illuslration of ami- 
crufluidic system; 

Figure 2A illuatralea an exenrplary channel of a mi- 
croflgidjc eyatem, such aa that of Figure 1; Figure 
5B represents Ihe electrical circuit created along the 
channel In Figuro aA; 

Figure 3A is a graph of output vollago vBrsue time 
for a prtor art power supply; Figure 3B ia a graph of 
output voltage versus time for a time-mult tpiexed 
power supply according to the present Invention; 
Figure 4A is a representative illustration of a micro- 
fluidic system operating with time-multiplexed volt- 
agee according to the present invention; Figure 4B 
Is a block diagram illustrating the unite erf a power 
supply in Figure 4A; 

Figure 5A Is a representative Hiustratlon of a micfo- 
fluidic system with voltage-monilored rvxi^s ac- 
cordrig to the present invenlion; Figure 58 details 
the voltage divkisr circuit of Figure 5A; and 
Figure BA is a block diagram of the power supply 
unit of Figure 4B; Figure 6B is an amplifier block 
representation of the DC-DC converter h tock of Fig- 
ure 6A. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 discloses a repreeentative diagram of a 
ponion of an exannpiary mrcrofluidic system TOO oper- 
ating according to the present Invention. As shown, the 
averall syslem 100 is fabricated rn a planar substrate 
102. Suitable sui^strate materials are gonerajiy selected 
based upon their compatibility with tho condftion^ 
present in lha particular operation lo be performed by 
the device. Such conditions can include extremes of pH. 

temperature, ionic concenlraticn, and application of 



electrical riekjs. Additionally, substrate materials ar« al^ 
so selected lor their inertness to crttfca) components of 
an analysis or synthesis to be carried out by the sysiem. 
The system shown in Figure 1 includes a series of 
s channels 110, 112. 114 and 116 fabricated into the sur- 
face of the substrate 102. As diecueaed in the definition 
of "mk^rofluidb." these channels typically hafve vory 
email cross sectional dimenslor^. For the particular ap- 
plications discussed below, channels with depths of 
10 about 1 0 \im and widths of about 60 pm work effectively, 
though deviations Ifcmr> these dimonsiona are also pos- 
sible. The microfluidic system 100 transports subject 
materials through tho varkDus channels of the substrate 
102 for various purposes, including analysis, testing, 
mixing with other materials, assaying and combinations 
of those operatbns. The term, "subject malerials.' sim- 
ply relerc to the material, such as a chemical or biolog- 
ical compoufKl. of imorest. Subject compourtde may in- 
clude a wkJfi variety of different compounds, Including 
^0 chemical compouncis, moauree of chemical com- 
pounds, a. g. , po lysaccharides, small organ ic or inorgan - 
ic moleculeo, biological macromolecules, e.g., peptides, 
protoine, nucleic acids, or extract© made from biological 
materials, such as bacteria, plants, fungi, or animal cstla 
2S or 1 l33ues, nat urally occ u rrin g or synth etic compoarllons. 
Uaelu! flubslnate materiata irvilude, e.g., glass, 
quartz, ceramics and saicon, as well as polymeric sub- 
Stratee, e.g., plastcs. in the case of conductrve or sam- 
iconducllve subslratae. there should be an insulating 
30 layer on tho eubetrate. Thie Is impcrlant eince the eye- 
tarn uses elect rooamolic forces to move rnaterlals about 
the syslem, as discussed below. In the case of polymeric 
eubatrates. the eubetrate materials may be rigid, semi- 
rigid, or non-rigid, opaque^ semi -opaque or transparent, 
36 depending upon the use for which they are intended. 
For example^ systems which include an optical or visual 
detection element, are generally be fabricated, at least 
In part, from transparent materials to allow, or at least, 
facilitate that detection, Altematrveiy, transparent win- 
40 dowa of glass or quartz, e.g., may be incorporated into 
the device lor these types detection elements. Addition- 
ally, the polymery matsrials may have linear or 
branched backbones, and may be croselinked or non- 
croasllnked. Examples of particularly preferred poiymer- 
^ te materiafa finclude, e.g., polydimethylsiloxanes 
(PDMS). potyurethane. polyvlnylchloride(PVC) polysty- 
rene, polysuWone, polycarOonaie, polymethylmethacr- 
ylate (PMMA) and lha (ike. 

Manufacturing of these channels and other micros- 
50 cfiie elements into tho surface of the subsirate 102 may 
be carried out by any number of microfabrfcatton tech- 
niques that are well known in the art. For example, lith- 
ographic tftchniquoB may be smptoyed In fabricating 
glass, quarlz or silicon subslratos. for example, with 
5^ methods well known in the aomiconducior manuTadur- 
ing industries Photolithographrc masking, plasma or 
wet etching and other semiconductor processing tech- 
noIogiGs define mk;roscaiaa(ement3 in and on substrate 
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surfaces. Aliemaitvery. microiTfcacnininQ methocte* sucn 
as laser drilling^ micromilling md the Wke. may bo em- 
ployddL Similarly, tor polymerk; aubslratea, wqII l<iiown 
manufacturing techniques may aleo be u«ed. Theoe 
lecJ^niquss include injection molding lechnrque* or 
stamp molding moihode whore large number^ ol sub- 
stratftd may bft prorfucad using, e.g.. rolling stamps to 
prcxJuce large sheets of micn73cat9 substrates or poly- 
mer microcaatjng techniques wherein the eubelmto ia 
polymerized within a micromachined mold. 

Besides Ihe eubetrate 102» thg mjcrofluidfc systm 
100 includes an additional planar elamont (not ehown) 
whk:h overlays the channeled substrate 1 02 to erx:losG 
and fluidly seaJ the various ohannelQ to form conduits. 
The planar cover elemonl may be attached to the sub' 
strata by a variety of means, including, e.g.. thermal 
bonding, adheGives or, in tha case of certain eubelratea, 
e.g., glase, or somi-rigid and non-rigid polymeric sub^ 
Atrataa. a natural adhesion between tha two compo- 
nents. The plar^r cover etement may additionally be 
provided with access ports and/or re8ervoir& for intro- 
ducing the various fluid elemants need^ for a particular 
screen. 

The system 100 shown in Figure 1 also rcludGQ 
reservoirs 104, 106 and lOB, which are disposed and 
fluidly connected at the ands of the channels 114, 116 
and llOrespectrvety. Asshown»the channel 112 is used 
to introduce a plurality of different eubject materials into 
the device. As such, the channel 11 2 is fluidly connected 
to a aotiroa of large numbs ra of separata eubject mats- 
riala wfilch are individually introdiiced into the channel 
1 1 2 and $ub«oquently into another channel 1 10 for eiec- 
trophoretic analysis, lor example. The aubject materiala 
are transported in fluid slug regions 120 of predeter- 
mined ionic concentrations. The regions ars separated 
by buffer regions of varying ionic con tsantral ions and 
represented t>y buffer reglone 121 in Figure 1. Related 
patent applications, U S, Appln. No. 00/671,536, fllod 
June 28. 1996. and US. Appln. No. Oa/760.446. filed 
Decembers, igge, both entitled "ELECTflOPlPETTOR 
AMD COMPENSATION MEANS FOR ELECTRO- 
PHORETIC BIAS," by J. Waliaoe Parce and Michael R. 
Kr^app, and assigned to the present aasignee, explain 
varlDUs arrangements of filugs, and buffer regions of 
high and low Ionic concentrations in transporting subject 
materials with electrokinetjc forces. The applications are 
inoorporalad herafn by reference in their entirety for all 
purposes. 

To move materials Through the channels 110, 112, 
114 and 116. a voltage cor^troller which la capable of 
simultaneously applying selectable voltage levels. In- 
cluding ground, to each of the reservoirs, maybe used. 
Such a voltage controller may hs implemented using 
multipJo voltage dividers and retaye to obtain the se- 
lectable voltage levels. Alternatrvety, mulliple independ- 
enl voltage sources may be used. The voltage controller 
is electrically connected to each of the reservoirs via an 
electrode posftioned or fabricated within each of the r^e- 
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ervoirs 104> 106 and 108. See. tor example, pubitehed 
International Patent Applteatlon No. WO 96/04547 to 
Ramsey^ vkrfiich ie incorporated herein by reference h ila 
entirety for all purposas. 

5 Besidss complexity, there are other problems with 
voltage control In a microfluidic syelBm. Figure 2A illus- 
trates an exemplary channgj 130 between two reser- 
voirs 132 and 134, each reepectively In contact wfth 
electrodes 133 and 135. connected to eleclricaj leads 

10 ©re shown leading off the substrate 12S. To make the 
example more realislic, the channel 1 30 ia shown as 
ing connected lo two Other channels 1 36 and 1 38. Op- 
erationally, the reservoir 132 js a source lor slugs 120 
containing the subject material. The slugs 120 are 

r^ moved lowarxJ the reservoir 1 34, Which acts as a sinK 
The channete 136 and 138 provide buffar regions 121 
to separate the eluga 120 In the channel 130. 

The different resistartcaa of the slugs 1 20 Bnd buffer 
regions 121 In the channel 130 create an electrrcial cir- 
cult which is symbolically Indicated in this simple exam- 
ple, The voltage V applied between the two electrodes 
133 and 135 is: 



25 

where I ie the curront betwesn the two ekclrod&s 133, 
3ff 135 (aesuming no current flow inio 136, l33)andR|the 
resistance of the different slugs 120 and buffer ragions 
121. 

A vcttage control eyatem la subject to many factors 
which can interfere with the operation of the eyatem. For 

^ example, the contact at the interface between an elec- 
trode and fluid may be a source of problems. When the 
effective resistance ol the electroda^to-fluid contact var- 
ies due to contaminants, bubbles, oxidation, for exam- 
ple, the voltage applied to the fluid varies. With V set at 

40 the electrodes, a decrease in electrode surface area 
contacting the solution due to bubble formation on the 
electrode causes an irxsr^^ase In resistance from the 
electrode to the solution. This reduces the current be- 
tween electrodes^ which in turn reduces the induced 

4S elect rooamotic and electrophorettc forces in the channel 
130. 

Other problems may aflact the channel current flow. 
Undesirable particulates may affscl the channel resist- 
ance by effectively modifying the cross-aecttonal area 

^ of the channel. Again, with a change of channel resist- 
ance, the physical current ftow is changed. 

With othar channels, such as channels 136 and 
13fl. connected to the eKemplary channel 1 30, dimen- 
BionaJ variations in Oie geometry of the channels in the 

55 substrate 1 02 can seriously affect the operation ol a volt- 
age control system. For example, the intersection node 
for the channels 1 30, 1 36 and 1 38 might be X distance 
from the electrode for the reservoir at lha terminus of 
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the channel 136 (not shown)and Y distance from the 
electrode for the reseivoir at ihe lorminua of channel 
136 (not shown). Wrth a slight lateral misalignment in 
the photolithographic process, the diatancea X and Y 
are no longer the same for the microfluidiG system on 
another subetrato. The voltage oontro) must be recaJj- 
b rated from aubetrate to Aubdtrate, a tinne-consuming 
and axpenalve process, so that the fluid nnovement at 
the Intersection node can be propGrty controlted. 

To avoid tJieae problems, the present rnvantion us- 
es electric current oontfoi in the mioronuidioeyetem 100. 
The electrical cun^nt flow at a given electrode ie cfirecUy 
related to the Ionic fkjw along the chflnnel(s) connecting 
the reservoir In which the electrode ie placed. This la in 
contrast to the requirement of detarrnining voltageg at 
various nodea along the channel in a voltage control 
system. Thus the voltages at the electrodes of the mi- 
croftuidic eyslom 100 are set responsive to the electric 
cun'enta flowing through the various electrodes ot tho 
system 100. Current control is less susceptible to di- 
mension at variatlors in the process ot creating the mi- 
crofluidic system on the substrata 102. Current contfof 
permits far easier operations for pumplnQ. valving. dis- 
pensing, mixing and concentrating subject matoriat& 
and bLrffer fluids in a complex microfluldic system. Cur- 
rent contoM is aJso preTerrad for moderating undeslred 
temperature effecte withn the channels. 

Of course, besides electric current whicli provides 
a direct measure of ionic flow between olectrodgs, other 
electrical parameter© related to current, such ae power, 
maybe used asa control for the microfluldic system 100. 
Power gives an indirect meaourement of th a electric cur- 
rent through en electrode. H^nce the physical current 
between electrodes {and the ionic flow} can be moni- 
tored by the power through the electrodes. 

Even with a current control system daecribsd 
above, high voliagea must still be applied to the elec- 
tfXDdas of the microfluldic system. To eliminate the naed 
for expensive power supplioa which are capable of gen- 
erating continuous and precise high voltages, the 
present invention provides for power supplier which are 
time-multiplexed. Thess time-multipfexed power sup- 
plies also reduce the numb er of powar supplies required 
tor the system 1 00, since more than one alectnMe can 
be aen/iced by a time-mulliplexed power supply 

Figure illustrates the exemplary output of a high 
power supply presently used ina alectrokinotic ayaiom. 
The output is constant at 250 volts between two elec- 
trodes overtime. In contnast, Figure 3B iiiuslratea the 
output of a power supply operating according to the 
pjesent invention. To maintain a constant voltage of 250 
volts, the output voltage ia tima-multtplexed with a one- 
quartar duty Cycle at 1000 volts. Averaged in time, II^Q 
output Of the limo-multiplexed vollage supply ie 250 
vorts, a* Illustrated by the horizontal dotted line serosa 
the graph. Note that if the voltage must change, say in 
response to current control, as discussed above, the 
output voltage of the tima-mulliplBxed power supply can 



also change by a change in the applied voltage, or by a 
change r the duty cycle, or a combination of both. 

Electrooemotic fluid flow can be started and 
stopped on the paecond time scale in channels of the 

5 dimensions described here ThorBforo, voltage mod u la- 
lion frequencies which are lower than one Megahorti 
result In choppy movement of the fluids. This should 
have no adverse etfecis on fluid manipulation due to the 
plug flow nature of electroosmotic fluid. Because moat 

10 chsmioal mixing, incubating and separating events oc- 
CUf on the O.l to lOOoocond time scale, the much lower 
fraquenciss for voltage manpulalion may aooepta- 
blQ. As a rule of thumb, the modulation period should be 
less than 1% of the shortest switching event (e.g., 
switching flow from one channel to another) tokeepmbc- 
ing or pipetting errors bfllow 1%. For a switching event 
cf 0.1 seconds, the voltage modulation frequency 
should be 1 KH2 or higher. 

Figure 4A Is & block diagram of a multiplexed powar 

20 supply system with two power supplies 200 and 202 and 
contnallar block 204 for an exemplary and simple micro- 
fluidfc system having a channel 160 which intersects 
channels 182, 104, 136 and 188. TTie channel 160 ter- 
minates in reservoire 179 and 161 with eieclrodBs 190 

3s and 1 91 respectively The channel 1S2 enda With a res- 
ervoir 163 fiavtng an electrode 193; the channel 184 
ends with a reservoir 105 having an electrode 195; the 
channel 186 with reservoir 167 having an electrode 197; 
and the channel 188 with reservoir 1B9 having an elec- 

3(7 tfodolQQ, 

The povi^er supplies 200 and 202 are connectBd to 
the different electrodes 190. 19 1, 193, 195, 197 and 199 
of the mfcrofluidic system. The power supply 200 Is con- 
nected lo three slactrodee 190. 193 and 195, and the 

^ powar supply 202 is connected to the remaining three 
electrodes 191, 197 and 199. The controfler block 204 
is connected to each of the power supplies 200 and 202 
to coordinate their ope^Q^ior^s. For Instance, to control 
the movements of fluids through the channels 1 S2, 184, 

49 186 and 188, the voltages on the electrodes 1 90. 1 91 , 
1 93, 1 9S, 1 97 and 1 99 m U«t Iw pfoperiy timed. The volt- 
ages on the electrodes change in response to electric 
current flow, as dascrfced above, for example, as the 
controller block 204 directs the power supplies 200 and 

^ 202. 

Each of the power supplioa 200 and 202 are organ- 
ized into units illustrated in Figure 4S, A control unit 21 2 
rocgrvee conlrol signals from the oonlrol block 204 and 
directs the operation of a ewnching unit 214. The switch- 

50 ing unit 214, connected to a power supply unit 216. 
makes or brsake connections ctf the power supply unit 
216 lo the connected electrudae. In other words, the 
switching unit 214 time-multiploxoa the power from the 
powar supply i/nil 216 among its connected fliacirodes. 

55 The power supply unit 2 1 6 is also connected to the ccn- 
trol unit K12 which directs the variation of output from 
the power supply unit 216 to the switching unii 2\a. In 
an alternate aircingement, this connection to the control 
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unit 21 2 13 not required it the power supply unit 2l6 5Up- 
piid^ & constant vottago and the averaged voltage to a 
flfoctnoda is changed by varying connection duty cycle 
through tha switching unit 214-, 

FlgurQ 6A a block diagram of a power supply 
which could to used as tho power supply unit 516 in 
Figure 4B. Ailamgtrvoly, the ilfustrated power supply 
may be connected directly loan electrode of a microflu- 
idic aystem if lime-multiplexing i^ not used. The power 
supply can auppfy a atable voJtaga to en electrode or to 
supply, or eink a stable current. 

The power supply has an input terminal 240 which 
is suppfied with a controllable ref erftncQ voltage from -6 
to 4^ volts, which is stepped up in nnaanllude to hun- 
dreds of volts at an output terminal 241 . The input ter- 
minal is connecled to the negative input t^nninal of an 
input operational amplifier 230 through an resietance 
227. Theposflivfl input terminai of an operational ampli- 
fier 530 la grounded and ltd output tetYnlnal la connected 
back to the negative input lernjinal through a feedback 
capacitor 220 and reeiator 22B connected in seriaE. The 
output terminaJ ia also connectad loan input terminal of 
a DO-lo-DQ converter 231. A aecond input ferminHl Is 
grounded. The output side of tho converter 231. which 
*teps up the voltage received from the amplifier 230. ie 
cor^neciad to the power supply output terminal 241 . The 
second output terminal of the converter 231 ia grounded 
through a resistor 222, 

The pow9r supply output terminal 241 is aleo con- 
nected to ground through two 6enee-<jonnected reeist- 
ancBs 221 and 22S which form a voltage divider circuit. 
The node between the two resistances 221 artd 223 
connected to one input terminal of a current/voltage 
mode switch 234. The node is also connected to the 
negative input terminal of a feedback oporatiorral ampfi^ 
tier 232 through a resistance 225. The negativs input 
Terminal is also connected to the output terminal of the 
converter 23i through a resistor 224 end to ths output 
lermina! Of the amplifier 232 through a feedback wMor 
226. Theoutput terminal of the amplifier 232 is aleo con- 
nected to a second input terminal of the ^wrtch 224. 
which haa ite output terminal connected to the nsgatrve 
input lerminaf of the Input operational amplifier 230 
through a resistor 226. 

Th9 swflch 234 is reeponeiva to a signal on the con- 
trol terminal 242. As shown in Figure 6A. the switch 234 
connects its output terminal to either the output terminal 
of the feedback operational amplifier 232. or the voltage 
divider noda between the two resistors 221 and 223. 
The connection determine© whether the power supply 
circuft operates in tha voltage mode (connection to the 
voltage dividgr node) or in the current mode (connection 
to tne output of the feedback operational amplifier 232). 
Note thai the fesislor 221 is very large, approximately 
15 MO, so that the voltage on the output terminal 241 
can be easily fed back when tha power suppfy is oper* 
aled. 

The Figure 6A circuit may b& separated into diffar- 
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ent operatfOTial bteoke. The operational amplifier 230, 
reeistora 22©^28 and capacitor 220 are paa of a mixing 
block. Tha mrxinfl block accepts the controllable refer- 
ence Voltage V^,f, about which the power supply oper- 
ates, at the input temiinal 240 and a feedback voltage, 
diecuBSGd below, to generate an output voltage, a com- 
bination of Vrtj, and feedback vottages. for the DC^DC 
converter 231. The converter 231 . illuetrated as a volt- 
age amplifier in Figure 68, simply amplifies the voltage 
from tha opetrntkmal amplifier 230. One output terminal 
of Ihe voltage amplifier Is cor\necled to the output termi- 
nal 241 andalerminalotthe resistor 221. The Other out- 
put of ths voltage amplifiBr is connected to ground 
through the resistor 222. The resistors 221 -223 may be 
oonaidered as part of a feedback block which also has 
resistor© 224-226 and operational amplifier 232. The 
switch 234 i6 also part of the feedback blook and ie oon- 
nectQd to the second input terminal of iha mixing block, 
B3 described previoualy. 

Operationally, the mixing block has rhe operational 
amplifier230whK:hieconnectedasaeumming amplifier 
wMh the reaistancea 226-22B. With the capacitor 220 in 
the fGBdback bop of the operational amplifier 230. tha 
output voKage of the operational amplifier 230 is the volt- 
age integrated over time of the sum (or difference) of 
the reference voliage V^, and the feedback voltage frwi 
the switch 234. Of couree, the refsrance voltage Vrtsf and 
feedback voltage may be selectively weighted by the 
values of the reeietancos 226 and 227, The capacitor 
220 and tha amplifier 230 ateo act as a filter to remova 
high frequency fluctuations from the power supply. 

The output signal from the operational amplifier 230 
may be eondliloned. for example, rectified or buffered, 
by additional elements (not shown). Nonetheless, for 
purposes of understanding this invention, Vj^, the volt- 
age received by the DC-DC converter 231 . can be con^ 
eldared the aame as the output voltage of the operation^ 
af amplifier 230. As ehown in Figure BB, is amplified 
by a gam factor Aand the amplified voltage AV,n Is gen- 
erated on the output terminal 241. 

The feedback block has a voltage divider circuit 
formed by the raslstora^Sl and 223 connected betwe an 
the output terminal 241 and ground The voltage at the 
node between tha reslfitors 221 and 223 is directly prts- 
ponlonai to the voltage at the output terminal 241 . When 
the switch 234 in response to the signal on the contrul 
terminal 242 selects the voltage feedback mode, the 
node voltage ie fed directly back to the mixing block and 
the operational amplltier 230. The negative feedback 
stabilij^es the output at the tennlnal 241. For example. 
If the voltage at the temifnal 241 Is high, the feedback 
voltage is high, Tliie, in turn, causes the output voltage 
of thei operational amplifier 230 to drop, thus correcting 
for Iho high voltage at the output termiraJ 241 , For mon- 
itoring the voltage at the output tenninal 241, the node 
Is also connected to an oparationaj amplifier 251. con^ 
figured as e simple buffer, to ©end the feedback voltage 
to a monitoring circuit (not shown). 
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The teedbsck block aJdo has the openatJonaf ampli- 
t\or2$2 and tho rddistancaa 224-^26 which are connect- 
ed to configure the operational amplifier 232 as a eum- 
ming amplifier. One inpirt to the summing amplifier is 
connected lo the node betwesn the reelatora 221 and 
223. The Bscond input is connected to the node between 
ihB rasiclor 222 connected to ground and tho eocond 
output terminal of tho DC-DC converter 251 , The sum- 
mtng amplifier moasurea the differsncQ between the 
amount of current through the oeriea-connacted resw- 
tore 221 and 223 and throu^ Ihs converter 291 (the 
total current Ihrovgh the resistors 222 and 224). In ef- 
fect, the summing amplifier meaeurea the amount of cur- 
rent l>eing delivered through the output terminal 241. 
Thus when the switch 234 15 eel in the current feodbacK 
PDOde, the output from the operational amplifrer 232 act- 
ing as a summing amplifier ie sent lo the mixing block 
and the power supply circuit ifi etabilfzed about the 
armunt of cunrent being delivered through the power 
supply terminal 241 to a connected electnxle of a mi- 
crofiuidjc system. 

The output of the summing amplifier \s also con- 
nected lo an ogoralional amplifier 250. configured ae a 
fiimple buffer, to eend the output voltage to the monitor- 
ing circuit (not shown). From the outputs of the opeiH- 
tlonal ampmier$ aso and 251 . the nvonltorlng circuit has 
a moBBurB of the voltage at the output terminal 241 and 
of the current through the terminal. This aleoaltowa the 
monitoring circuit to detsnnine, and to rsguiate. the 
amount of power being euppliod by the power oupply 
circuit. 

The ability of the described power supply to act as 
a variable eourco allowa the direcTion of fluid flow 
through the microchannels of a microfluidic system to 
be Ghartgad electronically If 9IE of the elactrodSB are 
connected to one or more of tho power suppfiee de- 
scribed above, operation of the microfluidic ayat^m is 
greatly enhanced and the desired movameinta of fluids 
through the networ^c of channels In the system are much 
more flexible. 

Despite operation as a current control system, there 
is often stiti a need to determine the voltage at a node 
in a microfluidic system. The present invention also pro- 
vides a means for such voltage monitoring. As shown 
in Figure SA. an electrical load 1 60 is formed on the sur-^ 
lace of a substrate 178 near a desired node 173 in the 
microfluidic syatsm The node 173 is at the intersection 
of channel 170 having rsfiarvoirs 169 and 171 at each 
end and channels 172 and 174, The terminus ol the 
Channel 174 has a reservoir 175. while the terminus of 
the Channel 172 (and a reservoir) is not shown. 

The bad 160 is preferably forrr^ed by the deposition 
ol a conductive metal, or metal altay, preferably a noble 
metal, such ae gold on chrome or platinum on titanium. 
u4ed in intQgrategJ circuits With semiconductor pholofi- 
thography technlqusa, the lead IGO may be defined with 
widths of leea than i |un To prevent electfoiysis. the 
wldih of the lead 160 h the channel 170 is narnDw 



enough such that the voltage across the lead In the 
channel 170 ahoukl be less than 1 volt, prefenabt/ lass 
0.1 volt^atalt times. 

The voltages used in the microfluidic systam are 
5 high. A voltmeter directly measuring the voltage at the 
channel node 173 through the Jaad 160 must have a 
very high Input impedance to be capabla of measuring 
auch high voltagas. Such votlmetarsare expensh/e. Fur- 
thenriore, handling of tho aubatrala of the microfluidic 
systems increasee the possibility of contamination. 
Such contamination can eericuely affect the voltages 
(and electric fields) required for proper operation of etec- 
troklnetic forces in the channels of the micrtrfluldic aye- 
tern. 

J* To avoid thee© problems and costs, the lead 1 QO is 
connected lo a voltage divider Circuit 163, which is also 
formed on the surface d the substrate 178 The output 
of the voltage divider circuit 1 63 ie carried by a conduc- 
tive output lead 16I . The circuit 163 Is also connected 
by a conductive lead 162 to a voltage reference. 

The voltage divider circuit 163, shown in greaterde- 
tail in Figure SB. 16 formed with standard semiconductor 
manufacturing technology with resistors 165 and 166 
connected as a voltage divider circuit. The lead 160 is 
^« connected to the hput terminal or the circuit 1 63, which 
is one etxj of a linear pattern of hlgh-f osistance material, 
such as undoped or lightly doped polysJIicxjn or alumina 
The other and of the linear pattern ia connected to the 
reference lead 182, which ie also formed on the sub- 
Strate 168 and leads to an external referenco voltage, 
presumably ground. As ahown for ejtpianatory purpos- 
eo, the voltage of the lead ifiO is divided in a iQ-to-l 
ratio. The linear pattern la divided into a resistor 1 95 and 
a resistor 168. Tho resistor 165 has nrie time^ more 
w loops than the resistor 166. i.e., the resistance of the 
resistor 165 is nine times graaterthan the resistance of 
the resistor 188. Of course, other ratios may be used 
and a 1000:1 ra«o rs typical. The output lead 18l . con- 
nected between the two resistors 1 65 and 166, ieada to 
40 an extemal connection for a low-voltage reading by a 
voltmeter. The cover plate than protects the faads 
160-162, the voltage divider circuit 1 63 and tho surface 
of tha eubstrate from comamlnatian. 

While tha foregoing Invention has been described 
in samedetailforpurposesofclarltyandunderBtandlng, 
it will bo clear to one skilled in the art from a reading of 
thia di&cioeure lhat various changes in lorm and detail 
can be made without departing from tha true scope of 
the invention . All p t bl ications and patent doc umente crt- 
^ ed in thie application ere inoorporated by reference In 
their er^ttrety for all purpossA to the same eKtent as if 
each individual publication or patent document were so 
individually denoted 
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Claims 



In a microfluidic system having a plurality of iriter- 
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connected capillary channels and G plurality cf elec- 
trocies at cUTferent nod^ of eaicf caplJiBry channels 
for craaling eJsctric fields in said capillary chanrjela 
to alectroKlneticaJly move maleriate in a fluid 
through &aid capidary channals. a method of qper- 
ating &aid miorofluidic syetem comprierng 

appfying volt&g^s at aaid eiActrodde with ra- 
spflct to othar electrodes in thd system reaponaivo 
to 9 cunr&nl at said electrodas to move materials to 
and from channels of daid slectrcdes. 

2. The malhod of claim 1 wherein said friorofluidic 
system haa at teast Three «)ectrcdea. 

3. Tha method of claim 2 whorein said vottage apply- 
ing step cDmprisQs controlfing said voltage so that 
eatd current is eubstantialiy constant 

4. In a microfiuldlc eyetom having a plunalfty of capil- 
laiy channels and a plurality of electrodes at drffer- 
enl rradea of said capilfafy Channels for creating 
electric fields in aaid capillary channels to eleotrok- 
jnetlcally move matariate in a fluid through said cap- 
illary channels, a method oi operating &aid micro- 
fluidfc system comprieing 

controlling in time an application of an electri- 
cal poramoter belwecd ©leclrodae in the system to 
move rnaterialg therebetweien. 

5. The method of clarm 4 wherein said applicatbn Ib 
controlled auch that said matQriate move aquiva- 
lontly to a constant application of said electrical pa- 
rameters between said electrodes In the system. 

6. The method of claim 5 wherein said application is 
controlled by varying a pgrcentago of lime said elec- 
trical parameter is applied. 



7, The method ot claim 4 wherein said electrical pa- 
ramater comprisoa voltage . 4C 



a voltage at eafd capillary channel location may 
be dotermined. 

11. T^e microfluidic oyslem of claim 10 wherein &aid 
^ oofKluctive lead has a sufficiently «nall width such 
thai a voltage of less than 1 uoU is created acrose 
said conductive lead at said capNiaiy channel loca^ 
tion. 

1^. The microfluidic system of claim 11 wherein said 
corxJuctiwQ lead has a Sufficiently small width such 
that a voltage of loss than D. 1 volt is croated afjrose 
said conductive tead at said capniary channel loca- 
tion. 



13, The microfluidic system of claim 10 wherein said 
conductive lead is arranged to form a voltage divid- 
er circuit on said sut)strate so that voftage recaivsd 
from said corvJucdve lead is a traction of said volt- 
age at said capillary channel location. 



2B 



30 



The method of claim 4 wherein said electrical pa- 
rameter comprises current. 

The method of claim 4 wherein said electrical pa- ^ 
rameter compriees power. 



10. A microfluidic system comprietng 

a plurality of capillary channels in an insulating 
substrate: 

a pluralfty of electrodes at different nodes of 
said capillary channels for creeling electric 
Retds in said capillary channels to electrofcinal- 
icaify Tlow materiaie in a fluid uirough saio cap- 
illary channels; and 

at least one conductive lead on said substrate 
extending to s capillary channel localfon so mat 



14, ThemicrofluidicsystemcfofQim 10 further compris- 
ing an insulating plate covorfng said substrate, said 
conductive lead extending to an edge of said sub- 
strate. 

16. A microfluidic syslom comprising 

a Eubsirate having a plurality of Interconnactsd 
capillary channels; 

a plurality of electrodes at different nodes of 
said capillary channels for creating electric 
fields in said capillary channels to move mate- 
rials electroldnetically in a fluid through said 
capillary channels; 

a power supply o winected to at lo^t one of said 
electnxies, said power supply further compris- 
ing 

a mixing btock having a first input terminal 
for rsceK/ing a controllable reJerer>ce volt- 
age and a second input terminal, and an 
output terminal; 

a voltage amplifier connected to said mix- 
ing block output terminal, said voltage am- 
plifier hav/ng first and second output termi- 
nals, said first outpul terminal connected to 
said at least one electrode; and 
a feedback block connected to said first 
output larminat of said voltage amplifier, 
said feedback block having an output ter- 
minal connected to said second Input ter- 
minal of said mixing block so that negative 
feedback is provided to stabilise said pow- 
er euppfy, 

le. The microfluidic system of claim 15 wherein said 
feedback block is connected lo said first output ter- 
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minal through a voltaoe divider circuit. 



17, The micrafluWk? oyelem of clahi 16 wheroin said 
fsedback block providas feedback to £ard mbcrng 
block responeive to a voltage at said firet output ter- 
minal. 

t«. The mjcrofluWIc system of darn 16 wherein said 
feedback block is connected to said second output 
terminai of sard voftage amplirjor so that said feed- 
back block generates an output voltaga reeponeiva 
to an amount of curront being sourcod or sunk 
through said first output Terminal, said fa&clback 
block providing feedback to eald mixing block re- 
sponsive to said cyrrent ampuni being sourcad or 
sunk through ssfd first output terminal. 

10. The microfluklic systam of claim 18 wherein said 
fe&dback block haa a aummins amplifier having a 
ftrst input connectftd to said voltage divider cfmuit 
and a qecofxJ Input conn ected to said second output 
termirwl of aaid voltage amplifier, said summing am- 
plifiar ganeraling saW output voltags rsaponarva to 
said current amount being aourced or sunk through 
said firat output terminal. 
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receiving a controllable referance voltage and 
a second input terminal, and an output terminal; 
a voHage ampfifiar connactod to said mixing 
block output torminal. said voltage amptifier 
having first and second output terminate, said 
first output torminal connected to said at least 
one electrode; and 

a feedback btock connected to said first and 
second output terminals of said voltage ampli- 
fier and to said second input terminal of said 
miKtng block, said feedback btock generating a 
first feedback voftago responsiva to a voltage 
at said firat output terminal and a secor^d feed- 
back voltage responsive to an amount of cur- 
rent being sourced or sunk through said first 
output terminal, said feedback block having a 
Bwitch for parsing said first or second feedback 
voltaga to said miacing block rasponsrve lo a 
CDf)troI alQnal that the power supply is sa* 
lectably atabiJizad in voltage or current by neg- 
ative feedback. 



20. TTia microfluldic system of claim 15 wherein aaid 
feedback block is connected to said eecond output 
terminal of said voltage amplifier, sard fesdback 
block gonorating a first foodbaok voltaga rospon 
sive to a voltage at said firat output terminal and a 
second feedback voltage responsive to an amount 
of current being oourced or sunk through saW firat 
output tenminaf, aaid feedback block having a 
switch for passing said first or second feedback volt- 
age to said mixing block responsive to a control sig- 
nal so that the power supply is eeleclabJy stabilized 
by voltage or currant feedback. 

fit . The microfluidic system of claim 20 fu nher compris- 
ing first and second buffers connected to sajd feed- 
back bkxk, said first buffer transmftt'ing eaid first 
feedback voltage and said second buffer transmu- 
ting said second feedback voltage so that said ffrst 
and second feedback voltages may be monftorad. 

22. The microfluidic power supply of claim IS wherein 
said mixing bkxJk comprisee an operHtiongl ampli- 
fier connected as a humming amplifier 

23. The microriuidlc power supply of claim 22 wherein 
said oparationat amplif I ar is f urthar connected as an 
integrator, 

24. A power supply for connection to at feast one elec- 
trode of a microfluidic system comprising 

a mixing block having a first Input terminal for 



26. The power supply of claim 24 wherein eaid fsed- 
back bkxk is connacled to oaid first output terminal 
2^ o1 aaid voltage amplifier through a voltage divider 
circull. 



I- 30 



26. TTie power supply of claim 24 Wherein sakl feed- 
back btock is corinected to said eecond output ter- 
minal of said vo ftage amptrfler so that eaid feedback 
block generaiea an output voltage responsive to an 
amount of current being aourced or sunk through 
said first output temninal, 



3S 27. Tha power aupp/y of claim 24 further comprising 
first and second buffers conn ected to said feedback 
block, eaid first buffer tranamftting sakJ first feed- 
back voltaga and said eecond buffer transmitting 
aaki second feedback voltage so that said first and 
second feedback voUagea may be monitorad. 



28. The power supply of claim 26 wherein said feed- 
back block has a summing amplifier having a first 
Input connected to said voltage divider circuit and 
a second input connected to said second output ter^ 
minal of said voltage amplifier, sak^ summing am- 
plifier gensrating saki output vohaga responsive to 
said current amount being eourcad or eunk through 
said first output terminal. 



4Q 



45 
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29. The power supply of claim 24 wherein said mixing 
block comprises an Operational amplifier connected 
as a summing amplifief, 



55 30, 



S1. 



The power supply of claim 29 wherein said opera- 
tional annpllfl er is further connected as an integrator. 

A rnicrofluidic system comprising 
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a substrate having a plurality OT Interconnected 
ospKlary channdls; 

Q pluraGty gf el&ctrodes al different nodas of 
said capillary channels for crealing electric 
fields in said capillary channeJs to move mate- 
riaJo BiBctrqkinelically In a fluid through said 
capillary ch^nela; 

a plurality of power auppiiee eonnectocftoeach 
one of said eleclrodB&, each of said power sup- 
plies capable of 5oIectively 3upplying a flelecl- 
ad voltage or a eelecled amount of current a«i 
a aourco or sink to «aid connoclod ^lectrodofi. 

32. The uflo of a aubatrato having at least ana channel 
in which a subject material is transported slectrok- 
tnetlcalfy. by applying a voltage between two elec- 
trodQG aeeocfatod with said channel in response to 
a current ai eajd elGctrode&- 

93. A use of Claim 32 h which the substrate has a plu- 5c 
rality of interconnected channels end aseociated 
olactrodea, subject material berng transported 
along pnedetefmined pathe ricorporatlng one or 
more of said channels by the application of voltages 
to predetermined electrodes in reaponse to a cur- 
rent al said ^lectrode^. 

34. The uoe of a aubBlrate having at lea^t on© channel 
in which a subject matoriaJ is transported eioctrok- 
ingtically by the controlled time dependent applica- 
tion of an electrical parameter between eJoctradea 
associated wtth said channel. 

35. A use of claim 34 wherein said electrical pctrameter 
Gomphdeo voltage. 

36. A use of claino 34 wherein said electrical parameter 
comphsea currant. 

37. A use of claim 34 wherein said electrical parameter 
comprises powar. 



33. The use of an Insulating substrate having a plurality 
of Channels and a plurality o1 electrodes aaeociated 
with said channels, the application of voltages to 
said electrodes causing elsclric fiekJs in said chan- 
nels, and at least Ono conductive lead on said sub- 
atrato extending to a channel kx?aiion so that an 
electric parameter at said channel location can be 
determined. 

39. A use of claim 38 wherein said conductive lead has 
a sufficiently small width sucii thai a voltage of less 
man 1 vdt, and preferably less than 0.1 volt, is cre- 
ated across $ald conductive foao at said channel 
location. 

40. The use of an insulating sjbatrats havsng a plurality 
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Interconnected capillary channels, a plurality or 
electrodes at different nodes of aaJd capillary chan- 
nels for Croat hg electric fields h said capillary chan- 
nels to move materials electrakineticaJly in a fluid 
through ©aid capillary channels, a power supply 
connected to at least one of said electrodes, eaid 
power supply having a mixing block having a first 
input terminal tor reoelvfng a reference voltage and 
a second input terminal, and an output terminal; a 
voltage ampflfier connected to said mixing btock 
output tenninal, said voltage anplrfier having first 
and second output terminals, ftaid first output termi- 
nal cannacled to ©aid al least one aloctnads: and a 
feedback bloc It connected to said tiret output temil- 
nal ot said voltage amplifier, said feedback bkx;k 
havng an output terminal connected to said second 
input terminal of ©aid mixing block so that negative 
feedback is provided to stabilize said power supply. 

41. The use of claim 40 in which eald feedback bk>ck is 
also connected to said eecond output terminal of 
said voltage arrpiifior. said feedback bk)ck gen ©rat- 
ing a first feedback voltage rsfiponelvs to a voftaQG 
al said first output terminal and a second feedback 
voftage responsive to an amount of current being 
aourced or aunk through said ttrat output terminal, 
eaid feedback btock having a ©witcti for paseing 
sab first ct second feedback voltage to said m Ddng 
bbck reaponsivo to a control signal ©o that said 
power supply is selectably etabDized by voltage or 
cun-ant feecfijack. 

4Z The uae of a power supply for conn eotion to at leaet 
one electrode of a microfluidic system in whk;h said 
power supply has a mixing block having a first input 
terminal for receiving a reference voltage and a sec- 
ond Input termnal, and an output terminal; a voltage 
annpllfl^r connected to said mtxing block output ter- 
minal, eaid voftage amplifier having ftrstand second 
output terminals, said flmi output lemiinal connect- 
ed to sB'Hi at least One electrode; and a feedback 
bbck connected to said first and second output ter- 
minals of said voltage amplifier and to said second 
Input terminal of said mixing block, said feedback 
blook generating a fir^t feedback voltage respon- 
sive to a vdtage at said first output terminal and a 
second feedback Vollago responsjve to an amount 
of current t^emg sourced or aunk through eaid firsl 
output terminaL aakf feedback block having a 
switch tor passing said first or second feed back volt- 
afle to said mixing block responsive to a control sig- 
nal so thai said power supply ]s eslectaialy atabilized 
in voHage or current by negative feedback, 

13. The use of a microfluidic system in which a sub- 
strate has a plurality c* interconnected capillary 
channels, a plurality of eiactrodes at cfifferent nodes 
0l said capillary channeta ror creating ©lectric fields 
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in eaks capilfary channels to move mater lal$ oloo- 
troklnetrcally in a fluid through said caplltery chan- 
nels, and a plurality of powar supplies connected to 
each one of said electrodes, gach dt eaid powar 
supplies capable of selectively supplying a sefected s 
voltage and a selscted amount of currsnt as a 
wurce or sinic to said connected electrodas. 

44. A microffuidic system comprising a Substrate hav- 
ing at least one channel in which a subject material f o 

transported eleclrokin^ticafly, moan& for measur- 
ing ejgctrical curren! ancf moans for applying a voH- 
age between two electrodes associated with CQld 
channel in nsspqrtee to said current at said elec- 
trodes. IS 

45. A syetem as claimed in claim 44 in which the eub- 
Etrate has a pluralfly of interconnBclod channels 
and associated ©lectrodaa, subject mat&rial hein^ 
traneportad along predetermined paths incorpcrai- so 
ing one or more of said channels by the application 

of voltagas to predetermined electrodes in re- 
sponee to a currant at sard elactrodes. 

4€. A microfluldlc system comprising a substrate hay- ^£ 
ing at least one channel tn which a subject material 
is transported electroKinetfcaliy. and means for the 
controlled time dependent application of an alectri- 
cal parameter between electrodes a&eocialed with 
said channel. 30 

47. A system ae claimed in claim 46 wherein eald elec- 
trical parameter comprisee voltage. 

4fi. A system claimed in olaim 46 wherein said elec- 3S 
trical parameter comprises voltage. 

49. A system ae cifllmad in claim 46 wherein said elec- 
trical parameter comprises voltage, 

60. A microffuidic system comprising an insulating eub- 
fitrate having a plurality of channels and a pluralfty 
of elactrodaa associated with said channel*, and 
msane for applying voltages to said electrodes in 
order to generate electric fields n ^aid channels, ^ 
and at least one conductive lead on said subialrate 
extending to a channel location so that an electric 
parameter at ©aid channel location can bo dater- 
mined. 

so 

61. A system as claimed tn claim 50 wherein said con- 
ductive load has a sufficienfly small width such that 
a voHage of toss than 1 vott, and preferably Icasthan 
0.1 volt, is oreaiGd across said conductive lead at 
£aid channel locatton . ss 
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